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1 Abbreviations 



fj^ IF frequency 

frequency distance between neighbor subcarriers 
H {f) filter transfer function 

I time index of the sampled sequence 

k channel index of occupied subcarriers k = [-26,26] 

t; = sample period and frequency respectively 



2 FSP Processing for the I£EE802.11a application 



The first application note [1] describes the W-LAN signal processing of th 
FSQ. The available bandwidth of the FSQ is 27 MHz and therefore 
sufficient to measure the IEEE802.11a signal with a bandwidth of 
16.4 MHz. 

In this application note the W-LAN application is discussed for the cheaper 
FSP. The main problem is the smaller FSP analyzer bandwidth of 8 MHz 
which only covers half of the OFDM signal bandwidth. The main ideais to 
analyze the spectrally cut measurement signal with carefully designed 
filters. First simulations have -shown that following properties can b 
expected: 

• Aboiit 20 of the 52 subcarriers can be analyzed within a 
measurement. 

• The position of the analyzing window can be selected by the 
operator, e.g. to analyze the left, the middle or the right 
subcarriers. 

• Also symbolwise tracking of timing, phase and gain is supported. 

In figure 1 the diagram of the interesting blocks is shown. The description 
starts with the IF signal r,^(0 at the IF frequency = 21.4 MHz. For 
simplification the IF signal is not yet bandlimited. The FSP bandwidth of 
8 MHz is modelled by the subsequent IF filter with the frequency transfer 
function /^,^(/). The schematic spectrum R^^if) of the input signal is 
shown in the lower part of the figure. It can be seen that the middle of the 
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OFDM spectrum (at subcarrier k=^0) \s shitted from the IF frequency f^j, 
by the user definable frequency offset /^«,. By varying f^j^„, the position 
of the analyzing window can be changed. If for example the frequ ncy 
offset is set to f^,,, = 0, the analyzing window is set in the middle of the 
OFDM spectrum. Furthermore the schematic transfer function H^^(f) is 
shown in the lower figure. The passband bandwidth is 8 MHz and 
symmetric to the IF frequency. The subcarriers in the undistorted passband 
will be analyzed by the application. 

The main task of the IF filter is to avoid aliasing effects in the 8 MHz 
analyzing window by the subsequent sampling process of the Analog to 
Digital Converter (ADC). The sampling rate of the ADC is = 32 MHz. 

Next the sampled IF sequence is multiplied with the sequence e->-"^- , 
whereby the sampling period is defined by T,^ = . This complex 
multiplication effects a spectral shift from the IF frequency f,^ to 
baseband. 

The following lowpass filter with the transfer function H^^if) also 
possesses the passband bandwidth of 8 MHz (see schematic plot) and 
fulfils two tasks: 

1. Suppression of the minror at / = -2/,, caused by the spectral 
shift. 

2. The lowpass filter must avoid aliasing effects in the 8 MHz 
analyzing window caused by the subsequent resampling 
process. As the resampling process reduces the sampling rate, 
the transition band must be steeper compared to the IF filter. 

Next the sampling must be changed to the Nyquist rate. This is performed 
by a digital resampler. The output sequence is generated at the desired 
Nyquist rate of =20 MHz. 

Afterwards the resampled sequence is multiplied with the sequ nee 
^-y«^,/r„ -pj^jg operation generates a further spectral shift by the frequency 
f^,^ The resulting output sequence is described by r(/) . 

The schematic spectmm Rif) is shown in the lower part of the figure. It is 
transparent that r(i) is the OFDM signal in baseband position, i.e. the 
channel A: = 0 is at the frequency / = 0. Furthermore the subcarriers 
within the analyzing window of 8 MHz are not distorted. The position of the 



^ This spectral shift can not be integrated in the first downconversion^ 
because the resampling process requires a lowpass input sequence. 
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analyzing window can be chosen by the correspondent frequency offset 

Afterwards the sequence /•(/) enters Into the W-LAN application which is 
equivalent to the FSQ Implementation. A more detailed description of this 
application can be found in the first application note [1] (see signal 
processing In the lower part of figure 1). 



Finally the influence of the 8 MHz bandpass filtering should be discussed: 
The equivalent impulse response length of the bandpass filter is given by 

T = 1/8 MHz = 125 ns. 

This length corresponds to 2.5 Nyquist periods of the 16 sample guard 
period. Fronn this point of view, only small inter symbol interference (ISI) 
should be expected. First simulations have confirmed this statement. But 
care must be taken in the filter design in order to minimise any iSI effects. 

How many subcarrlers can be analyzed in a measurement? The maximum 
number of subcarriers within the transmission band of 8 MHz is 

/pars ^ 8MHZ 

312.5 AHz 



From a more conservative view about 20 subcarriers can be used for th 
measurement. 



it should be noticed that even this bandlimited measurement supports 
symbolwise traclcing. This is possible because there are always 2 pilot 
subcarriers within the 8 MHz analyzing window. The pilots are used for 
symbolwise tracking (optional phase and/or timing and/or gain). The. 
smaller number of used pilots (2 instead of 4) leads to a higher estimation 
error of the synchronization parameters and consequently to an increase of 
the EVM compared to a measurement with no limitation of the bandwidth. 
The statistical Increase can be calculated however. 



Furthermore the simulations have shown that the preambi 
synchronisation also works well in the case of the bandlimited OFDM 
signal and Is robust for low signal to noise ratios. 
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1. A filter for avoiding aliasing effects in the analysing 
window wherein the sampled sec[uence is multiplied with the 
sequence e"^'*''''''' effecting a spectral shift to the 
baseband. 
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